of kainate (250 nM) that selectively activates kainate
shows the frequency of mIPSCs as a function of time, pooled for the entire population of cells not prevent the effect of kainate on mIPSCs, although it reduced the induction of LTP, which is dependent for a 3 min kainate application. The frequency of mIPSCs was increased by more than 20% in the majority of cells upon the activation of the PKC pathway (Malenka and Nicoll, 1993 ) (30 min after the tetanus, the increase of (80%). In the other 20% of cells, the increase in mIPSCs frequency was not statistically significant. Morphologithe field potential was 64% Ϯ 9% in control, n ϭ 6, p Ͻ 0.01, versus 31% Ϯ 5% in the presence of staurosporine, cally, the kainate-responsive cells included the following groups of previously described GABAergic neurons n ϭ 10, p Ͻ 0.1). Indeed, in the presence of staurosporine, kainate increased mIPSCs frequency to (Freund and Buzsaki, 1996 ; Vida et al., 1998): orienslacunosum moleculare (O-LM) cells (n ϭ 4), Schaffer-asso-152% Ϯ 23% of control values (n ϭ 7, p Ͻ 0.01; Figure  2B ), an increase not statistically different (p Ͻ 0.05, chiciated interneurons in stratum radiatum (n ϭ 4; Figure  1B ), bistratified interneurons in stratum oriens (n ϭ 1), square test) from that obtained in the absence of staurosporine. perisomatic interneurons in stratum oriens (n ϭ 1), and perforant path-associated interneurons at stratum radiThese two former observations suggest that the mechanisms responsible for the enhancement of GABA atum/lacunosum moleculare border (n ϭ 3). The other neurons were unequivocally identified as interneurons release by kainate most likely imply the direct activation of ionotropic kainate receptors, as they do not involve but could not be classified, as their axons were incompletely labeled. The kainate-nonresponsive cells did not a metabotropic pathway or the indirect activation of voltage-sensitive calcium channels. belong to any specific morphological class.
The increase of mIPSC frequency persisted throughout the application of kainate (3-10 min) and was fully
The Effects of Kainate Are Mediated by Receptors that Do Not Contain the GluR5 Subunit reversed after the drug was washed out (Figure 1 ). There was no effect of kainate on the holding current of the Since the postsynaptic activation of kainate receptors in CA1 interneurons is mostly mediated by receptors interneurons, as cells were voltage clamped at the reversal potential for kainate receptor-mediated currents. A containing the GluR5 subunit (Cossart et al., 1998), we tested whether the presynaptic effect of kainate was second application of kainate following wash out of the first produced the same reversible increase in mIPSC also mediated by GluR5-containing receptors. Bath applications of ATPA (1 M), the selective agonist for kaifrequency ( Figure 1B ; n ϭ 3). Since, when AMPA and NMDA receptors are blocked, CNQX, the AMPA/kainate nate receptors containing the GluR5 subunit (Clarke et al., 1997), did not induce any significant change in the antagonist, can be used as a kainate receptor antagonist, we tested the effects of kainate in the presence of rate of mIPSCs (105% Ϯ 12% of control; n ϭ 7, p Ͼ 0.05; Figure 4A ), showing that the kainate-induced increase of CNQX. The effect of kainate on mIPSC frequency (148% Ϯ 12%; n ϭ 3, p Ͻ 0.01) was antagonized by GABA quantal release at interneuron-interneuron synapses is not mediated by kainate receptors containing CNQX (50 M; 107% Ϯ 8%; n ϭ 3, p Ͼ 0.1; Figure  1A) . Furthermore, the frequency of mIPSCs was similar the GluR5 subunit. before and during CNQX application (0.81 Ϯ 0.32 Hz and 0.95 Ϯ 0.7 Hz, respectively; n ϭ 5, p Ͼ 0.05), sugGlutamate Increases the Frequency of mIPSCs through Activation of Kainate but Not gesting an absence of endogenous activation by glutamate of presynaptic kainate receptors at GABAergic of Other Ionotropic Receptors If the activation of presynaptic kainate receptors leads terminals in vitro.
The enhanced rate of mIPSCs was not mediated by to an increase of quantal release of GABA, similar effects should be produced by the endogenous ligand glutacalcium influx through voltage-sensitive calcium channels. Cadmium (100 M) was applied to block voltagemate. We therefore investigated the effects of focal applications of glutamate on the frequency of mIPSCs resensitive calcium channels. Cadmium application did not affect mIPSC frequency (n ϭ 6, p Ͼ 0.1). The kainatecorded in interneurons. In the presence of TTX (1 M), ., 2000) . Hence, the potentiation of GABA release is due to the activation of ionotropic kainate receptors order to conclude whether the expression of kainate receptors on GABAergic synapses is indeed target spemost probably located on GABAergic axons. Two alternate possibilities would be a passive propagation to the cific, as is the case for metabotropic receptors, for example (Poncer et al., 1995; Scanziani et al., 1998; Semyaaxon terminals of the depolarization resulting from the activation of postsynaptic kainate receptors and/or an nov and Kullmann, 2000). At present, it is also not known whether the kainate receptor-induced increase of enhancement of fiber excitability resulting from the activation of presynaptic kainate receptors. The first mechaGABAergic transmission on interneurons depends on the inhibitory pathway. Indeed, interneurons are known nism requires a small electrotonic distance between the somatodendritic compartment and the axon terminals to be densely interconnected in the hippocampus, and, since they also receive a GABAergic projection from (Glitsch and Marty, 1999), an unlikely feature in the hippocampus, where the axonal arborization of interneuinterneuron-specific interneurons (Freund and Buzsaki, 1996) , the possibility that presynaptic kainate receptors rons extends over considerable distances (Freund and Buzsaki, 1996) . Moreover, the fact that NMDA (1 M)
are preferentially expressed at these synapses cannot be ruled out. and AMPA (1 M) or ATPA (1 M), which produce the same sustained depolarization on the membrane of inThe precise function of these presynaptic kainate receptors remains to be explored. A tonic activation of terneurons as kainate, did not affect GABA release excludes this possibility. The second mechanism, an inkainate receptors by glutamate in vitro conditions is not likely, since the mixed AMPA/kainate antagonist CNQX creased excitability of the axon, has been recently described in the CA3 region ( 
